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ABSTRACT. Tripogon loliiformis is a desiccation-tolerant grass that occurs throughout 10 
mainland Australia. There has been recent interest in this species as a model system for 11 
understanding desiccation tolerance in a native grass at the structural, molecular and 12 
physiological levels. However, not much is known about the biology and natural history of 13 
this species, despite its widespread geographic distribution and remarkable capability of 14 
withstanding prolonged drying. We provide an overview of the genus by consolidating 15 
information from a wide variety of sources. We report a variety of new and interesting 16 
observations on the general biology, ecology and desiccation response of T. loliiformis and 17 
conclude by highlighting areas for future research.  18 
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INTRODUCTION 26 
The ability of vegetative organs (e.g., leaves) to survive air dryness is rare among 27 
angiosperms (Gaff, 1971; Farrant, 2000; Vicre et al., 2004).  Plants that can survive extreme 28 
drying (~80-95% water loss) and then resume normal function after rehydration are said to be 29 
desiccation-tolerant (Tuba et al., 1998; Alpert, 2000). This condition is different from drought 30 
tolerance, which is associated with moderate dehydration (~23% water loss) (Tuba et al., 31 
1998; Hoekstra et al., 2001). Given that desiccation-tolerant plants appear to “resurrect from 32 
the dead” once rehydrated, they are commonly called “resurrection plants” (Gaff & Latz, 33 
1978).   34 
 35 
Whilst some Australian desiccation-tolerant grasses, such as Sporobolus stapfianus and 36 
Borya nitida, have been the focus of detailed study for many decades (e.g., Gaff & Churchill, 37 
1976; Hethzerington et al., 1982; Gaff, 1989; Blomstedt et al., 1998; Le et al., 2007), it is 38 
only recently that the desiccation tolerance capability of Tripogon loliiformis has been the 39 
focus of physiological and molecular investigations. An understanding of the water-use 40 
efficiency and desiccation tolerance mechanisms of a native resurrection grass could lead to 41 
the improvement of these traits in economically important grasses such as rice, sorghum and 42 
wheat (Mundree, pers. comm.).  A detailed study of the molecular and physiological changes 43 
in T. loliiformis during different stages of dehydration and rehydration are under investigation 44 
as part of a PhD research project (Karbaschi, pers. comm.).  45 
 46 
Tripogon loliiformis is a widespread and morphologically variable desiccation-tolerant grass 47 
that occurs across the Australian mainland and the island of New Guinea (FIG. 1). Despite 48 
the widespread distribution, its habitat requirements are quite specific and in certain areas, 49 
such as Victoria, it is under threat from land development, rock removal and stock grazing 50 
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(Just & Evans, 2010). The morphological variability observed in this species has led various 51 
researchers to suggest that T. loliiformis could be multiple species (Gaff & Latz, 1978; Olsen, 52 
1983; Palmer & Weiller, 2005). Within Queensland alone, plants from north-eastern 53 
Queensland are considered morphologically different from those of southern Queensland 54 
(Palmer & Weiller, 2005). Even though T. loliiformis occurs throughout Australia, very few 55 
studies have been conducted on this species. 56 
 57 
In this paper we present a wide range of observations and insights on the biology, ecology 58 
and resurrection behaviour of T. loliiformis gained while conducting a phylogenetic study on 59 
the genus, Tripogon (Fabillo, 2015). We review and consolidate information about the genus 60 
from disparate sources, including taxonomic, ecological, agronomic and ecophysiological 61 
literature. There is an extensive body of literature on the physiology and molecular biology 62 
(gene expression and regulation) of desiccation-tolerant plants, which far exceeds the scope 63 
of this paper. We therefore limit the scope of this paper to ecological and biological aspects  64 
(particularly morphological and anatomical) associated with desiccation tolerance of T. 65 
loliiformis. We consider it a worthwhile endeavour to document and publish our observations 66 
on the natural history of this species due to the potential interest to the wider scientific 67 
community. An additional aim of this paper is to provide a comprehensive overview of this 68 
species in its natural habitat for those working on molecular and physiological mechanisms in 69 
the laboratory. We highlight numerous gaps in our understanding of the biology of T. 70 
loliiformis and hope that this will spur further research. 71 
 72 
OVERVIEW OF THE GENUS 73 
The name Tripogon is derived from the Greek words treis (three) and pogon (beard, referring 74 
to tufts of hair), due to the presence of clumps of hairs located at the base of three veins on 75 
4 
 
the lemma of each floret (Watson and Dallwitz 1992 onwards; Clifford & Bostock, 2007).  76 
Tripogon loliiformis was described by Mueller (1873). The word loliiformis is derived from 77 
the Latin words lolium and forme, meaning “resembling Lolium” (Clifford & Bostock, 2007), 78 
owing to the resemblance of the inflorescences to those of the genus Lolium.  Tripogon 79 
loliiformis is commonly called “five-minute grass” or “eight-day grass” due to its resurrection 80 
capability, or “rye beetle grass” due to the resemblance of the inflorescences to those of 81 
ryegrass (Lolium sp.) (Palmer & Weiller, 2005).   82 
 83 
Tripogon is a genus of 45 species in the subfamily Chloridoideae, family Poaceae (The Plant 84 
List, 2015) (TABLE 1). Numerous genera in this subfamily are agronomically important 85 
grasses, such as finger millet (Eleusine coracana) and teff (Eragrostis tef) whilst others are 86 
used as livestock feed and ‘famine food’ such giant rat’s tail grass (Sporobolus pyramidalis) 87 
(Van den Borre & Watson, 1997; Asfaw & Tadesse,  2001; Balemie & Kebebew, 2006). 88 
Some lawn grasses belong to this subfamily, for example, Bermuda or dog’s tooth grass 89 
(Cynodon dactylon) and Zoysia grasses (Zoysia japonica, Z. matrella, Z. tenuifolia) (Beard & 90 
Green 1994; Wang et al., 2001). None of the species of Tripogon are considered 91 
agronomically important, however several species of Tripogon from India are of cultural and 92 
ritualistic significance or used as fodder for domesticated animals and material for thatching  93 
(Ragupathy et al., 2009; Newmaster & Ragupathy, 2010).   Tripogon loliiformis is eaten by 94 
kangaroos and, in Central Australia, forms an important and almost exclusive part of 95 
kangaroo diet after rains (Low et al., 1973). Horses and sheep are also known to feed on it, 96 
but the foliage is too short for cattle grazing (Low et al., 1973). 97 
 98 
Much of the information on the distribution, habitat and habit of different species in the genus 99 
Tripogon presented here has been compiled from a variety of sources, such as taxonomic 100 
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revisions (e.g., Phillips & Launert, 1971; Phillips & Chen, 2002), regional floras (e.g., Palmer 101 
& Weiller, 2005; Potdar et al., 2012) and online databases (e.g., Watson and Dallwitz 1992 102 
onwards; Clayton et al., 2006 onwards; Simon & Alfonso, 2011; Simon et al., 2011) (TABLE 103 
1). The genus Tripogon occurs in tropical, subtropical and warm temperate regions of Africa, 104 
Asia, Australia, North America and South America. Some species have a narrow geographic 105 
range (e.g., T. copei, T. oliganthus, T. sichuanicos) whilst others have much wider geographic 106 
ranges (e.g., T. filiformis, T. minimus, T. spicatus). Plants in this genus thrive in a variety of 107 
habitats, such as dry, seasonally moist, or moist mountains and lowlands. All species in the 108 
genus Tripogon occur in clumps or tufts ranging in height from 4 cm (e.g., T. loliiformis) to 109 
90 cm (e.g., T. jacquemontii). Fourteen species in the genus Tripogon are desiccation-tolerant 110 
(Gaff, 1977; Gaff, 1986; Gaff, 1987; Gaff & Bole, 1986; Gaff & Latz, 1978; Iturriaga et al., 111 
2000) (TABLE 1). Whether the ability to tolerate extreme desiccation occurs in other species 112 
of Tripogon is not known. All species tested have shown to be desiccation-tolerant and there 113 
are no known reports of desiccation-sensitive species (Gaff, pers. comm.). 114 
 115 
HABITAT AND FIELD ECOLOGY OF T. LOLIIFORMIS 116 
Tripogon loliiformis occurs in a variety of habitats with shallow and rapidly drying soils 117 
(FIG. 2). It commonly occurs on rocky outcrops (inselbergs) and open vegetation where it is 118 
usually restricted to shallow soil platforms overlying rocks (Hunter & Clarke, 1998; Just & 119 
Evans, 2010).  It is found in mulga vegetation (community of small Acacia trees forming a 120 
dense scrub in dry inland areas of Australia), which is considered to be a drought refuge for 121 
native and non-native herbivores (Low et al., 1973; Roberts, 1978).  It is also found in 122 
depressions and creek lines on gibber plains with chenopods, on basalt plains or on flood 123 
plains in open eucalypt woodland with a grassy understory (Rogers & Stride, 1997; Hunter & 124 
Clarke, 1998; McGann et al., 2001; Palmer & Weiller, 2005).  125 
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 126 
We consider T. loliiformis to have a restricted, but common, distribution as we have observed 127 
it growing in very specific habitats where it is locally abundant (FIG. 2). In areas with large 128 
granitic outcrops, such as in the Wheat Belt in Western Australia, T. loliiformis often forms a 129 
distinctive band following the contour of the rock (FIG 2A, B). The extremely shallow soil 130 
closest to the bare rock is colonised by mosses and lichen.  A short distance from the bare 131 
rock there is a slight build up of soil, and this is where clumps of T. loliiformis occur, often 132 
intermingled with other desiccation-tolerant plants, such as mosses (e.g., Tortula sp.) and 133 
ferns (e.g., Cheilanthes sp.) Further away from the bare rock, where the soil is still deeper, we 134 
have observed taller grasses (e.g., Borya sp., Eragrostis spp.), sedges (Fimbristylis spp.) and 135 
drought-tolerant annual or short-lived perennial plants (Calandrinia sp. and Chrysopogon 136 
sp.). As the abundance of these taller plants increases, the occurrence of T. loliiformis 137 
decreases. These observations are consistent with those for resurrection plants in general, 138 
which tend to grow on shallow soils overlying rock slabs or soils that collect in depressions 139 
on rock outcrops (Gaff 1977; Porembski & Barthlott, 2000). It is generally well established 140 
that resurrection plants are important pioneer species on shallow soil, particularly when water 141 
is limited (Gaff & Latz, 1978). Studies on the pattern of species replacement during 142 
succession on rocky outcrops have shown that the change is due to the development of a 143 
complex soil depth gradient involving changes in temperature, soil depth and water-holding 144 
capacity (e.g., Keever et al., 1951; Uno & Collins, 1987).  145 
 146 
Our observations have led us to speculate that the locally abundant but restricted zone to 147 
which T. loliiformis is confined could be due to the inability of other angiosperms to survive 148 
the rapid and repeated drying that is common in extremely shallow soils. It is possible that T. 149 
loliiformis could survive in deeper soils but gets outcompeted by other plants, some of which 150 
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are also desiccation-tolerant plants (Borya sp., Eragrostiella sp.). Gaff & Oliver (2013) have 151 
suggested that low growing resurrection plants are the first plants to colonise bare soils and 152 
with the accumulation of additional soil and detritus, taller desiccation-tolerant plant species 153 
get established, eventually followed by larger desiccation-sensitive species that overshadow 154 
and out-compete the desiccation-tolerant plants. This scenario has been called the 155 
‘productivity trade off’ hypothesis, and suggests that the ability to tolerate desiccation entails 156 
costs that constrain productivity (e.g., Oliver et al., 2000). Desiccation-tolerant species could 157 
be competitively inferior to desiccation-sensitive species in habitats where the latter can grow 158 
(Alpert, 2000), but this has yet to be explicitly tested in the case of T. loliiformis. 159 
 160 
Our field observations indicate that T. loliiformis is sensitive to disturbance, such as 161 
trampling by cattle and goats, scraping and digging by rabbits, vehicular activity, rock 162 
excavation (e.g., granite) and dumping of rubbish (FIG. 3). In otherwise suitable habitats, T. 163 
loliiformis does not seem to survive in the presence of any one of these disturbances. A 164 
decrease in the abundance of T. loliiformis in the presence of grazing stock has been 165 
previously documented (Just & Evans, 2010). Field experiments, such as exclusion studies, 166 
are needed to test the sensitivity of T. loliiformis to different types and regimes of 167 
disturbance. Even though T. loliiformis itself is not a threatened species, elements of the 168 
associated flora and fauna are often restricted in distribution. This is especially true where T. 169 
loliiformis forms part of a rare inselberg flora that requires conservation and protection (e.g., 170 
Burke, 2003; Larson, 2001; Jocqué et al., 2007; Porembski, 2007; Michael et al., 2008; 171 
Bayliss et al., 2014). It is possible that T. loliiformis could serve as an indicator species for 172 
monitoring disturbances in inselberg ecosystems given its local abundance but sensitivity to 173 
disturbance. 174 
 175 
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Whilst research has not been conducted on the response of T. loliiformis to natural 176 
disturbances, it appears to cope with repeated fires (Just & Evans, 2010). We have observed 177 
new growth emerging from clumps of charred plants in open eucalypt woodland with shallow 178 
soil platforms overlying rocks. The presence of shoot meristems on or just under the soil that 179 
can be protected from direct light and fire is characteristic of desiccation-tolerant plants (Gaff 180 
& Oliver, 2013). Our observations of post-fire resprouting of T. loliiformis indicate a similar 181 
placement of meristematic tissue, but this needs to be confirmed by histological 182 
investigations. We do not know if the ability of T. loliiformis to tolerate natural disturbances, 183 
such as grazing and fire, varies within the species and whether populations growing in less 184 
disturbance-prone areas are better able to cope with disturbances in comparison to 185 
populations growing in areas with frequent disturbances. Inselberg flora is generally more 186 
sensitive to fire than that of the surrounding matrix (Hunter, 2003) but whether this holds true 187 
for T. loliiformis remains to be tested. 188 
 189 
In species growing on inselbergs and the surrounding matric, individuals from inselbergs 190 
have a higher degree of desiccation tolerance than those growing in the deeper soil of the 191 
surrounding matrix (Chapman & Jones, 1975). Differences have also been observed in other 192 
habitats and different species, for example, Sporobolus fimbriatus is a grass that contains 193 
both desiccation-tolerant and -sensitive populations (Gaff, 1986), and different degrees of 194 
desiccation tolerance have been observed in individuals from a single population of Borya 195 
nitida (Gaff, 1981), but this does not seem to be the case for T. loliiformis. Gaff & Latz 196 
(1978) tested individuals of T. loliiformis from different habitats and with different 197 
morphology (glabrous and hairy forms) and all proved to be equally desiccation-tolerant. The 198 
ability to tolerate desiccation could be associated with the ability to tolerate various other 199 
types of environmental stresses (Alpert, 2000), however, Wood & Gaff (1989) found no 200 
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evidence that desiccation tolerance was associated with salt tolerance in the grass genus 201 
Sporobolus. Whether T. loliiformis is also salt-tolerant has not been studied but some 202 
populations occur close enough to coastal areas to get exposed to salt spray (e.g., Emu 203 
Mountain, Queensland, FIG. 4A & B). The link, if any, between desiccation tolerance and 204 
tolerance to other environmental stresses (e.g., disturbance, salinity, heat) in T. loliiformis 205 
remains uncertain. Along similar lines, another equally interesting question that is yet to be 206 
address is whether populations of T. loliiformis from the island of New Guinea, which has 207 
very different climatic conditions from that of mainland Australia, are also desiccation-208 
tolerant or not? 209 
 210 
HABIT (GROSS MORPHOLOGY) OF T. LOLIIFORMIS 211 
In its natural habitat and when sufficient water is available, individual plants of T. loliiformis 212 
form distinct green clumps (FIG. 2E). The leaves of T. loliiformis respond to desiccation by 213 
characteristic folding of the flat green leaves to filiform (bristle-like) purplish or dark-brown 214 
pigmented leaves. Plants at different stages of desiccation can be observed in the field over a 215 
small spatial scale. At the onset of a dry period, plants growing closer to a rocky outcrop in 216 
shallower soil will become fully desiccated with folded and pigmented leaves whilst those 217 
growing in slightly deeper soils remain green for longer (FIG. 4C). In extremely dry 218 
conditions, most of the leaves in a clump appear straw-coloured and are dead (senesced) 219 
whilst only a few leaves within each clump are pigmented (deep maroon) and desiccation-220 
tolerant (FIG. 4D). 221 
 222 
When subjected to water stress, the desiccation response (pigmentation and folding) is first 223 
observed at the tip of the leaf and gradually spreads towards the base. Quite often the tips of 224 
pigmented leaves appear to have senesced. When water becomes available, the pigmented 225 
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leaves start unfolding and turning green. This change starts from the base of the leaf and 226 
proceeds towards the tip (FIG. 4E). The first signs of greening of pigmented leaves in T. 227 
loliiformis can appear within a few minutes, but it usually takes a few hours (12-24 hours) for 228 
an entire leaf to become green again and a number of days (5-15 days) before new growth is 229 
produced (FIG. 4F). These different stages of recovery from the desiccated state are probably 230 
responsible for the two different time-related common names for this species (five-minute 231 
grass and eight-day grass).  232 
 233 
In some grasses desiccation tolerance is confined to the basal portion (meristematic zone) of 234 
the leaf (e.g., Eragrostis hispida, Borya scirpoides) whilst in closely related species the entire 235 
leaf is tolerant (e.g., Eragrostis nindensis, Borya nitida) (Gaff & Ellis, 1974; Gaff & Oliver, 236 
2013). Comparable differences in other species of Tripogon or closely related genera have 237 
not been documented. Whether there is a gradual evolutionary change from a restricted zone 238 
of desiccation-tolerant tissue to an entire leaf that is desiccation-tolerant could be tested in a 239 
phylogenetic context by studying character evolution within a clade of grasses containing 240 
species with different degrees of desiccation tolerance. Detailed observations on the age of 241 
leaves that exhibit desiccation tolerance in T. loliiformis are lacking, but there is a general 242 
tendency for plant cells to lose the ability to tolerate desiccation as they age (Alpert, 2000). 243 
Observations of a different grass, Sporobolus stapfianus, by Gaff & Giess (1986) showed that 244 
recently matured leaves survive desiccation entirely, whereas in older leaves, the tissue at the 245 
tip of the leaves dies. We have observed a similar pattern in T. loliiformis. Griffiths et al. 246 
(2014) have suggested that desiccation tolerance of leaf tissue has an age-specific component 247 
and genes associated with repression of drought-induced senescence are not expressed in 248 
older leaves. The gene expression for the senescence pattern we have observed in T. 249 
loliiformis is not known, but a similar mechanism is quite probable. Detached desiccated 250 
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leaves of S. stapfianus can remain in an anabiotic state for two years (Gaff & Ellis, 1974).  251 
An interesting aspect of desiccation tolerance in grasses that has not been investigated in 252 
detail is how long these plants can remain in a desiccated state and still rehydrate and be fully 253 
resurrected. A test of the resurrection capacity of herbarium specimens, of varying 254 
preservation ages, could shed further light in this context 255 
 256 
We have observed the unfolding and gradual greening of pigmented leaves in the presence of 257 
dew, indicating that water can be absorbed directly by leaves. We assume entry of water is 258 
from epidermal hairs, but this needs to be tested by histological examination. Physiological 259 
studies on transpiration rates and relative water content of leaves have also pointed to dew 260 
absorption as a possible mechanism for uptake of water (Olsen, 1983). However, to restore 261 
full physiological function, uptake of water from the soil by the root system would be 262 
required to ensure continuity of water flow through the entire vascular system. 263 
 264 
The roots of T. loliiformis growing on rock platforms or shallow soils form a short dense 265 
clump. When plants from these habitats are grown in deeper soil (e.g., in pots,), a much 266 
longer root system develops. Whilst the vegetative shoots of most desiccation-tolerant grass 267 
species are short and do not change with increase in soil depth, some grasses, such as 268 
Microchloa caffra and Eragrostis invalida, can grow significantly taller when grown in 269 
deeper soils (Gaff & Oliver, 2013). We have observed similar changes, not only in root 270 
length but also in plant height and leaf length. After a year of growth in pots in Brisbane 271 
(Queensland), field-collected plants from Western Australia were indistinguishable in 272 
vegetative morphology from the naturally taller plants from southeast Queensland (FIG. 5). 273 
Interestingly, there was no noticeable change in the morphology of the plants from southeast 274 
12 
 
Queensland when grown in pots. This is the first report of phenotypic plasticity in T. 275 
loliiformis (see reproductive biology below for more on plasticity). 276 
 277 
LEAF STRUCTURE OF T. LOLIIFORMIS 278 
As far as we are aware, Olsen (1983) is the only investigation to date to have examined leaf 279 
anatomy of T. loliiformis using light microscopy (LM) and ultrastructure studies using 280 
transmission electron microscopy (TEM). Detailed descriptions of the structure of leaves in 281 
T. loliiformis and other species in the genus and the methodology used are available in 282 
Fabillo (2015). We present our own observations on anatomical differences between hydrated 283 
and field-desiccated leaves using LM and leaf surface micromorphology using scanning 284 
electron microscopy (SEM) and report on major ultrastructural observations from Olsen 285 
(1983). 286 
 287 
The parallel venation, typical of grass leaves, produces conspicuous alternating costal (above 288 
veins) and intercostal (in between veins) zones on both abaxial and adaxial surfaces of T. 289 
loliiformis (FIG 6). Cells in the costal zone include long cells, short cells (undifferentiated 290 
and specialized, such as silica cells), prickles and macro-hairs, while those in the intercostal 291 
zone include long cells, bulliform cells, stomata, micro-hairs and macro-hairs. The 292 
distribution of cells in these zones is similar on the abaxial and adaxial surfaces, except for 293 
the higher density of hairs on the adaxial surface and the absence of papillae on long cells on 294 
the abaxial surface. Transverse sections of the leaf blade show the characteristic Kranz 295 
anatomy typical of grasses with C4 photosynthesis, and in particular those with the NAD-ME 296 
pathway (Prendergast et al., 1987). This consists of a mestome sheath surrounding each 297 
vascular bundle, large prominent bundle-sheath cells with centripetally arranged chloroplasts 298 
and mesophyll cells arranged in an arc around the bundle sheath (FIG. 6C) The general 299 
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anatomy and micromorphology of the leaves of T. loliiformis is consistent with that of other 300 
desiccation-tolerant vascular plants that have various mechanisms for reducing transpiration 301 
rates and protecting cellular contents from the harmful effects of free radicals.  Such 302 
mechanisms include light-scattering epidermal hairs or scales, epidermal pigments, sunken 303 
stomata and foliage that can curl, fold or roll up. However, we were surprised to find stomata 304 
located on the abaxial surface, which remain exposed to the dry air unlike those on the 305 
adaxial surface that get protected when the leaf folds up (FIG. 6H). Whether the abaxial 306 
stomata remain physiologically active and there is loss of water through transpiration during 307 
the desiccated phase needs further investigation. 308 
 309 
Hydrated leaves are green in colour and flat in outline (FIG. 6A, B). Desiccated leaves are 310 
dark maroon to purple in colour and U-shaped (folded) in outline (FIG. 6E, F). Anatomically, 311 
the most obvious difference between desiccated and hydrated leaves is the presence of 312 
pigments (anthocyanins) in epidermal cells, other than silica cells, on the abaxial surface 313 
(FIG. 6E). The epidermal cells of the adaxial surface are less heavily pigmented. Cells at the 314 
tips of the folded leaf that appear to be more exposed to the environment have more 315 
pigmentation than those deep inside the folded area, where pigmentation is seen mainly in 316 
guard cells (FIG. 6E). A notable difference is in the shape of bulliform cells, which appear 317 
turgid and fully distended when hydrated (FIG. 6C) but flaccid and collapsed when 318 
desiccated (FIG. 6G). In surface view, the intercostal zones are no longer visible due to the 319 
shrinkage of bulliform cells (FIG. 6D, H). Other easily observable differences include the 320 
disintegration of the large central vacuoles in the bundle sheath cells (FIG. 6G).  Contrary to 321 
what is commonly stated in the literature on anatomical studies of desiccation-tolerant plants 322 
(e.g., Bartley & Hallam, 1979; Hallam, 1976; Willigen et al., 2003), our investigations clearly 323 
demonstrate that it is possible to study leaf anatomy by modifying standard histological 324 
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processes (resin- and paraffin-embedding in this case) without creating artefacts, such as 325 
rehydrating desiccated leaves or dehydrating hydrated leaves during the sample preparation 326 
process. This opens up the potential for further research on the anatomy of desiccation-327 
tolerant plants using light microscopy. 328 
 329 
An examination of the ultrastructure of mesophyll cells by Olsen (1983) indicates that in 330 
desiccated leaves the cell walls become convoluted, plastoglobuli are produced and some 331 
degree of chloroplast vesiculation takes place but the thylakoid membranes remain intact. 332 
These changes are reversed within two hours of rehydration (Olsen, 1983). This is further 333 
confirmed by physiological studies that show that chlorophyll pigments are retained in this 334 
species during desiccation (Gaff & Latz, 1978) and by the pattern of physiological recovery 335 
(chlorophyll levels and photosynthetic activity) in T. loliiformis (Olsen, 1983). These 336 
observations are typical of other desiccation-tolerant plants in response to stress (e.g., Hallam 337 
& Gaff, 1978; Gaff et al., 2009; Bartels & Hussain, 2011) and indicate that T. loliiformis is a 338 
chlorophyll-retaining or homoiochlorophyllous species (Tuba et al., 1998). Our own 339 
observation of the short duration of time required for rehydration in T. loliiformis is typical of 340 
homoiochlorophyllous plants (Bartels & Hussain, 2011) and has been verified 341 
physiologically in other desiccation-tolerant grasses that become fully green within 24 hours 342 
of rehydration (Gaff & Ellis, 1974). 343 
 344 
LIFE HISTORY AND REPRODUCTIVE BIOLOGY OF T. LOLIIFORMIS 345 
Flowering in T. loliiformis occurs throughout the year. The inflorescence of T. loliiformis is a 346 
solitary raceme with bisexual spikelets (FIG. 5, 7A-C).  The length of inflorescence varies 347 
from 2 – 22 cm, with 5 – 30 spikelets per inflorescence and 5 – 28 florets in each spikelet. 348 
Each floret has a lemma with a tuft of hairs located at the base of three veins. These 349 
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structures form the basis of the name of the genus from the Greek words treis (three) and 350 
pogon (beard/tuft) (FIG. 7D). Detailed descriptions of the inflorescence morphology of T. 351 
loliiformis and other species of Tripogon are available elsewhere (Fabillo, 2015). Grass 352 
taxonomy relies heavily on inflorescence morphology and the differences in the arrangement 353 
and density of spikelets, along with differences in vegetative morphology, has led others to 354 
speculate that morphologically different plants from different parts of Australia could be 355 
different species (Gaff & Latz, 1978; Olsen, 1983; Palmer & Weiller, 2005). Plants from 356 
southeast Queensland have long inflorescence with non-overlapping, short spikelets and a 357 
few florets per spikelet (FIG. 7A); those from central Queensland have long inflorescences 358 
with overlapping, long spikelets and numerous florets per spikelet (FIG. 7B); whilst those 359 
from Western Australia have short inflorescence with overlapping, long spikelets but fewer 360 
florets per spikelet than those from southeast Queensland. As we observed for vegetative 361 
structures, after a year of growth in pots in Brisbane (Queensland), the inflorescence 362 
morphology of plants from Western Australia had changed dramatically and was 363 
indistinguishable from that of plants from southeast Queensland (FIG. 5). The ex situ plants 364 
from southeast Queensland remained unchanged in both reproductive and vegetative 365 
morphology from their in situ condition. Our observations of phenotypic plasticity might 366 
explain why there was no phylogenetic support, based on analyses of morphological (non-367 
sequence) or molecular (sequence) data, to split T. loliiformis into multiple species (Fabillo, 368 
2015).  369 
 370 
The only report on seed germination is for a population of T. loliiformis in Victoria. Just & 371 
Evans (2010) observed successful germination in trays but only around moss beds. We have 372 
successfully germinated seeds from different sites, e.g., Mt Magnet (Western Australia), 373 
Charleville (central Queensland) and Wildhorse Mountain (southeast Queensland). 374 
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Germination has been successful on moist filter paper in petri dishes under laboratory 375 
conditions as well as in damp potting mix (FIG. 7E, F). Seed germination on moist filter can 376 
take as few as 3 days but in soil it takes longer (5-10 days). Seed viability is at least 12 377 
months in laboratory conditions (Olsen, 1983).  Details on life history traits, such as 378 
flowering pattern, seed production, germination rates, seedling survival and growth rates for 379 
any species of Tripogon are generally lacking.   380 
 381 
Most publications refer to T. loliiformis and other species in the genus as annual or short-382 
lived perennial plants. We question the applicability of terms “annual and perennial” in the 383 
conventional sense to a plant like T. loliiformis that might experience multiple and variable 384 
durations of growth followed by prolonged periods of time in the desiccation-tolerant phase. 385 
This issue has been considered in other contexts, such as the use of the terms monocarpic and 386 
polycarpic instead of semelparous and iteroparous respectively (see, for example, Young & 387 
Augspurger 1991; Amasino 2009; Bergonzi & Albani 2011). Whether the longevity of T. 388 
loliiformis is related to flowering and seed production is not clear. Does the term annual 389 
actually mean a 12-month life cycle? Or is the longevity of individual plants linked to a 390 
single or certain number of reproductive events that could occur within a relatively short 391 
period of time or could take a few years if suitable wet periods are infrequent and growth 392 
rates slow? Or does the longevity depend on the number of cycles of dehydration and 393 
rehydration experience by individual plants? Some desiccation-tolerant angiosperms are 394 
known to survive several cycles of dehydration and rehydration in a year, as for example 17 395 
cycles in a year in the perennial Chamaegigas intrepidus (Gaff & Giess 1986). The number 396 
of cycles that desiccation-tolerant plants can endure does not seem to be limited, provided 397 
there are periodic opportunities for photosynthesis (Gaff & Oliver, 2013), but the link 398 
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between life cycle, frequency of reproductive events and the duration of active growth has 399 
not been investigate in T. loliiformis. 400 
 401 
CONCLUDING REMARKS 402 
Tripogon loliiformis provides an ideal system for testing numerous hypotheses about the 403 
ecology of desiccation-tolerant plants. Given the probable phylogenetic affinity of this genus 404 
with other resurrection grasses (e.g., Eragrostiella sp.), this larger clade provides an 405 
interesting group to study the evolution of desiccation tolerance and test hypotheses of single 406 
versus multiple origins of this trait and whether different mechanisms (at the morpho-407 
anatomical, physiological or molecular/gene expression level) are involved.  Although 408 
phylogenetic results do not provide support for splitting T. loliiformis into multiple species, 409 
the possibility of regional genotypic variation and associated differences in desiccation 410 
tolerance cannot be overlooked. The extensive morphological variation, lack of phylogenetic 411 
differentiation and indications of different degrees of phenotypic plasticity in a species with 412 
such a wide geographic distribution makes T. loliiformis an intriguing subject in need of 413 
further research. 414 
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 687 
Figure 1. Geographical distribution of T. loliiformis. Dots represent locations from herbarium 688 
specimen recorded in Australia’s Virtual Herbarium (AVH). Map obtained from AVH 689 
(http://avh.ala.org.au/). 690 
 691 
Figure 2. Examples of some of the different types of habitats in which T. loliiformis occurs. 692 
Arrows indicate location of plants. A & B: Granite outcrop with a narrow band of T. 693 
loliiformis (Mt Magnet, Western Australia); C: Eucalypt woodland with rocky boulders 694 
(White Rock Conservation Park, Queensland); D & E: Shallow soil platform overlying 695 
rhyolite rocks (Wildhorse Mountain, Queensland); F: Open eucalypt woodland with sandy 696 
soil on floodplain (Eidsvold, Queensland); G: Pisolitic (pea like) laterite soil layer (Paynes 697 
Find, Western Australia); H: Gravelly soil (Dangore, Queensland); I: Gravelly soil overlying 698 
rock platforms (Myall Park Botanic Gardens, Queensland).  699 
 700 
Figure 3. Examples of disturbances in habitats that are otherwise suitable for T. loliiformis. 701 
A: Rock excavation; B: Trampling by cattle; C & D: Dumping of garbage; E:  Scraping and 702 
digging by rabbits. 703 
 704 
Figure 4. Desiccation tolerance in T. loliiformis. A & B: An illustration of the much more 705 
rapid response of mosses to the availability of water (< 2 minutes) than other desiccation-706 
tolerant plants, such as ferns (Cheilanthes sp.) and T. loliiformis (Emu Mountain, 707 
Queensland); C: Hydrated plants with green leaves and desiccated plants with pigmented 708 
leaves (Karomin Rock, Western Australia); D-F Ex situ plants Bruce Rock (Western 709 
Australia), D: Desiccated plant with a few pigmented leaves intermingled with dead leaves 710 
 before watering; E: Ex situ plant 10 minutes after watering showing gradual greening of a 711 
desiccation-tolerant pigmented leaf from the base towards the tip; F: The same ex situ plant 712 
12 days after the start of watering showing full recovery from desiccation and the start of new 713 
growth.  714 
 715 
Figure 5. Phenotypic plasticity in vegetative and reproductive structures in T. loliiformis. A: 716 
in situ plant from Western Australia with small leaves and a short, compact inflorescence; B: 717 
ex situ plant from Western Australia with longer leaves and a tall, uncompressed 718 
inflorescence; C: in situ plant from southeast Queensland with long leaves and a tall, 719 
uncompressed inflorescence; D: ex situ plant from southeast Queensland with the same 720 
morphology as that of the in situ counterpart. 721 
 722 
Figure 6. Anatomical differences between hydrated and desiccated leaves of T. loliiformis. 723 
The outline of leaves in transverse section is flat in hydrated leaves (A, B) and U-shaped in 724 
desiccated leaves (E, F); abaxial epidermis is colourless in hydrated leaves (A) and 725 
pigmented in desiccated leaves (E); bulliform cells are fully distended in hydrated leaves (C, 726 
D) and collapsed in desiccated leaves (G, H); a large central vacuole and centripetally 727 
arranged chloroplasts are visible in the bundle sheath cells of hydrated leaves (C) but no 728 
longer distinct in desiccated leaves (G); differences in appearance of costal and intercostal 729 
zones of hydrated (D) and desiccated leaves (H) due to the collapse of the bulliform cells in 730 
the latter. D, H – K: Characteristic structures seen in T. loliiformis, and differences in 731 
distribution of adaxial (D) and abaxial (H) surfaces. I: silica cells on abaxial surface; J: 732 
macro-hairs and prickles, K: bicellular micro-hair and long cells with sinuous cell walls. 733 
Techniques used A & E: free-hand sections of fresh leaves; B, C, E, F & I: microtome 734 
sections of resin-embedded samples staining with ruthenium red and TBO; D, H, J & K: 735 
 Scanning electron microscopy. Abbreviations used: ab- abaxial; ad- adaxial; bu- bulliform 736 
cell; bs- bundle sheath cell; cl- chloroplasts; lc: long cell; ma- macro-hair; me- mesophyll 737 
cell; mi- micro-hair; ms- mestome sheath; sc- sclerenchyma fibres; sh- short cell; st- stomatal 738 
complex; ph- phloem tissue; pr- prickle; xy- xylem tissue.  739 
 740 
Figure 7. Reproductive features of T. loliiformis. A –  C: Morphologically different 741 
inflorescences and spikelets from different localities. A: Long inflorescence with non-742 
overlapping, short spikelets and a few florets per spikelet (Wildhorse Mountain, Queensland); 743 
B: Long inflorescence with overlapping, long spikelets and numerous florets per spikelet 744 
(Mariala National Park, Queensland); C: Short inflorescence with overlapping, long spikelets 745 
but fewer florets per spikelet than those of B (Mt. Magnet, Western Australia); D: A single 746 
floret showing a lemma with three veins and a tuft of hairs at the base; E–F: Successful seed 747 
germination on damp paper in a petri dish and in damp potting mix.  748 
 749 
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